I. INTRODUCTION
Corrosion is an unwanted oxidation of a metal. It cuts short the lifetime of steel products such as bridges and automobiles; replacing corroded metal parts costs billions of dollars a year. Corrosion is an electrochemical process, and the electrochemical series gives us insight into why corrosion occurs and how it can be prevented (Jones and Atkins, 2000, p.821). Corrosion inhibition is a veritable measure that is employed to combat corrosion. A substance that is able to prevent the corrosion of any metal or alloy when added in minute quantity to the corrodent is an inhibitor. Corrosion inhibitors are added to a corrosion system to decrease or eliminate anodic dissolution; a good example of their application is in acid pickling operations that are employed to remove oxide scales formed during metal working operations (Anyakwo, 2007, p. 8) . All the same, an inhibitor hinders corrosion reactions either by reducing the probability of corrosion occurrence or by reducing the rate of attack or both (Raja and Sethuraman, 2008) .
The toxic nature of the known effective inhibitors that are chromate and arsenate-based has led to the study of various alternative means of corrosion inhibition. Plant-leaf extracts have shown promise in inhibiting the corrosion of mild steel in acidic medium. According to (Patni et al., 2013) , plant extracts contain many organic compounds that have polar atoms such as O, P, S and N which adsorb on the metal surface to formSida Acuta is a small, erect, perennial shrub, branching profusely from the base. It usually ranges from 30-150cm in height, but grows to 3m in favourable conditions in northern Australia (Lonsdale et al., 1995) . The stems are almost woody, with a tough stringy bark. There is a deep, tough taproot. The leaves are alternate, lanceolate, acute, tapering towards both ends, and on a short, hairy petiole 3-6mm long. The leaves have toothed margins, smooth or sparse stellate hairs and prominent veins on the under surface. The leaves are quite variable in size, from 2-9cm long and 0.5-4cm wide. The pair of stipules at the base of each leaf is not equal, with one frequently much narrower than the other. Sida Acuta is found on most soil types, except seasonally flooded clays or soils derived from limestone (Rojas-Sandoval et al., 2009). It competes vigorously with other plant species, but does best in tropical or sub-tropical regions with a distinct wet and dry season. It has a deep taproot and can withstand drought, mowing and shallow tillage. It is a weed of degraded pastures, tree plantations, cereals, root crops, vegetables, planted forests, lawns, roadsides, and waste places (Pitt, 1992; Flanagan et al., 2000) . In habitats where it occurs, it tends to flourish in riparian areas near watercourses. It has been reported at up to 1500m altitude in Indonesia, at medium and higher elevations in Kenya and in the foothills of the Andes in Peru (Rojas-Sandoval et al., 2009).
Investigation of Sida Acuta (wireweed) plant extract as corrosion inhibitor for aluminium-coppermagnesium alloy in acidic medium was carried out by (Ayeni et al., 2014, p. 286) . They reported that the presence of Sida Acuta plant extract reduced corrosion rate from 0.0012 to 0.0001mpy and percentage protection increased from 37.42% to 93.63% within a ten-day period with increase in percentage volume of the extract.
Further analysis of the surface of mild steel with and without the presence of an inhibitor can be done using Fourier Transform infrared (FTIR) Spectrometer and Scanning Electron Microscope (SEM). The FTIR spectrometer is used to figure out the type of bonding, particularly functional groups present in organic compounds. It is useful in predicting whether organic inhibitors are adsorbed or not on the metal surface. On the other hand, the SEM produces black and white, three-dimensional images. Image magnification can be up to 10 nanometres and the intense interactions that take place on the surface of the specimen provide a greater depth of view, higher-resolution and ultimately, a more detailed surface picture (Scanning Electron Microscopy, 2016). In corrosion inhibition study, a predictive model presents a well-informed relationship between the acid induced corrosion and the rate of corrosion after the addition of an inhibitor. Mathematical models are designed to describe physical systems by equations or, more in general, by logical and computational structures (Bellomo et al., 2007) . However, system modelling and simulation of the actual physical system offer a better alternative in situations where research facilities are in short supply and in some cases non-existent (Okoro, 2008) . Multiple regression is an extension of simple linear regression. It is used when we want to predict the value of a variable, based on the value of two or more other variables. (Laerd, 2013, para. 1).
II. MATERIALS AND METHODS

Fabrication of mild steel coupons
Mild steel coupons of 40mm x 40mm x 1.5mm dimensions were cut from a sheet metal with the following composition (wt %) C=0.20%, Zn=0.75%, Ti=0.28, Mn=0.23%, S=0.04%, P=0.035% and Fe balance. The initial weight of each specimen was measured using the Ohaus electronic weighing balance before immersion.
Weight-loss experimentation
Sida Acuta's leaves, obtained within the immediate vicinity of the Federal University of Technology, Owerri were thoroughly pounded and added to the hydrochloric acid solution at 15g per litre, 30g per litre and 45g per litre of 0.7M, 1.2M and 2.2M HCl. The acid concentration was prepared using dilution formula. Meanwhile, a different experimental set-up was prepared wherein no inhibitor was added in order to serve the purpose of comparison. Each experiment lasted for eight hours. In addition, the moisture content of the freshleaves of Sida Acuta was about 64.77% as at the time of the experiment was conducted.
The corrosion rate, CR was calculated by using the formula (Fadare et 
2.3.2
Artificial neural network Artificial neural networks (ANNs) are computer models inspired by the structure of biological neural networks. They consist of highly interconnected nodes, and their overall ability to help predict outcomes is determined by the connections between these neurons (Ayer et al., 2010, p. 15) . ANNs are capable of 'learning', that is, they use experience to improve their performance. When exposed to a sufficient number of samples, ANNs can generalise to others they have not yet encountered.
An artificial neural network consists of a number of very simple and highly interconnected processors, also called neurons, which are analogous to the biological neurons in the brain. The neurons are connected by weighted links passing signals from one neuron to another. Each neuron receives a number of input signals through its connections; however, it never produces more than a single output signal. The output signal is transmitted through the neuron's outgoing connection (corresponding to the biological axon). The outgoing connection, in turn, splits into a number of branches that transmit the same signal (the signal is not divided among these branches in any way). The outgoing branches terminate at the incoming connections of other neurons in the network. A schematic representation of artificial neural network model representing inputs and output for this present study is displayed in Figure 1 . Given a unit, j in a hidden or output layer, the net input, I j , to unit j is (Han et al., 2012): Given the net input I j to unit j, then O j , the output of unit j, is computed as:
Where, w ij is the weight of the connection from unit i in the previous layer to unit j. O i is the output of unit i, from the previous layer. j is the bias of the unit. The bias acts as a threshold in that it serves to vary the activity of the unit. This function is also referred to as a squashing function, because it maps a large input domain onto the smaller range of 0 to 1 (Han et al., 2012).
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Evaluation of error in prediction
The mean absolute error (MAE) and mean squared error (MSE) are used to figure out how close a predicted value is to the actual value. The formula for computing the mean absolute error is given by (Mean Absolute Error, 2016):
Where, f i = the predicted value. y i = the true value.
Mathematically, the mean squared error is represented thus (Mean Squared Error and Residual Sum of Squares, 2013):
Where, Table 3 : Analysis for prediction of corrosion inhibition of mild steel by the crushed leaves of Sida Acuta in hydrochloric acid medium using artificial neural network (ANN) 
III. RESULTS
IV. Discussion of Results
Effect of addition of thoroughly pounded fresh leaves of Sida Acuta on the corrosion of mild steel coupons immersed in hydrochloric acid solution
The addition of thoroughly pounded leaves of Sida Acuta was observed to reduce the corrosion of mild steel coupons immersed in hydrochloric acid medium. When the pounded leaves were added at 15g per litre of 0.7M, 1.2M and 2.2M acid concentrations, the following average corrosion rate, CR and inhibition efficiency, I.E were obtained in the order CR (I.E) as presented in h -1 (43.06%) in 2.2M HCl. The corrosion rate was observed to increase with increase in acid concentration. This development reveals that the corrosive environment becomes more aggressive as the concentration of acid is increased.
The corrosion rate-time curves for the mild steel coupons immersed in 0.7M, 1.2M and 2.2M HCl with and without the addition of thoroughly crushed Sida Acuta's fresh leaves are shown in Figure 2 . Generally, the corrosion rate curves were observed to progressively decrease with increase in time. Figure 3 shows the inhibition efficiency for the corrosion of mild steel coupons immersed in 0.7M, 1.2M and 2.2M HCl as a result of the addition of crushed leaves of Sida Acuta at 15g per litre, 30g per litre and 45g per litre of the acid concentration. The inhibition efficiency-time curve was observed to increase as the experimentation progressed. For the entire examined environment, the maximum inhibition efficiency of 71.16% was attained when the thoroughly pounded leaves of Sida Acuta were added at 15g per litre of 0.7M HCl whilst the corrosion rate reduced from 1.0485 to 0.3006mgcm -2 h -1 .
Prediction of corrosion inhibition of mild steel in hydrochloric acid medium by the thoroughly crushed leaves of Sida Acuta
Multiple regression and artificial neural network were used to predict the corrosion rates of mild steel coupons in the presence and absence of thoroughly squeezed leaves of Sida Acuta in hydrochloric acid medium with the aid of the SPSS software. The predicted values are shown in Appendix 1.
Using multiple regression as illustrated in Table 2 , the predictive equation for the addition of the crushed fresh leaves of Sida Acuta to the hydrochloric acid medium is stated thus: 
(8)
The prediction of the experimental corrosion rate by the artificial neural network reveals the importance of independent variables (time (h), concentration of acid (M) and quantity of crushed leaves (g)) in the prediction of the dependent variable (Corrosion rate, CR (mgcm -2 h -1 ) for the addition of crushed leaves of Sida Acuta to the hydrochloric acid induced corrosion of mild steel as presented in Table 3 . The time of exposure immensely contributed to the prediction of the corrosion rate by 48.9%, followed by the quantity of crushed leaves, 26.2% and finally the concentration of acid, 25.0%.
The comparison of error results for the prediction of corrosion inhibition of mild steel by the crushed leaves of Sida Acuta in hydrochloric acid medium using multiple regression and artificial neural network are presented in Table 4 and displayed in Figures 4 and 5 . The results show that the predictions by the artificial neural network did not only give minimal errors but were closer to the experimental corrosion rate values in comparison with the predictions by multiple regression.
Temperature dependence
The result of the variation in temperature between 298K and 358K on the corrosion of mild steel without and with the addition of the crushed leaves of Sida Acuta at 15g per litre of 0.7M HCl agrees with the Arrhenius relationship and is presented in Table 5 and displayed in Figure 6 . The activation energy for the corrosion of mild steel in the blank solution of 0.7M HCl was 20,908.68J whilst the addition of Sida Acuta's pounded leaves increased the activation energy to 28,088.86J. This higher value of activation energy obtained by the introduction of the crushed plant leaves to the corrodent reveals that higher energy needs to be attained before further corrosion can take place.
Adsorption isotherm consideration
Langmuir, Freundlich, Temkin and El-Awady adsorption isotherm models were tested and presented in Table 6 and Figure 7 . The results show that the corrosion inhibition of mild steel in hydrochloric acid by the crushed leaves of Sida Acuta obeys all the aforementioned isotherm models with the Langmuir isotherm maintaining the best fit of R 2 = 0.996; El-Awady, R 2 = 0.961; Temkin, R 2 = 0.952 and Freundlich, R 2 = 0.942. Equations (9), (10), (11) and (12) 
Phytochemical analysis of the leaves of Sida Acuta
The phytochemical analysis of Sida Acuta's leaves as illustrated in Table 7 indicates the presence of alkanoid (4.0%), tannin (1.522%), saponin (1.73%), phytate (0.717%), flavonoid (2.50%) and phenol (22.19ppm). These natural constituents may be responsible for adsorbing on the surface of the mild steel thereby effecting corrosion inhibition. Figure 8 shows the FTIR spectrum of the protective film that adhered on the surface of mild steel coupon owing to the addition of the crushed leaves of Sida Acuta at 30g per litre of 0.7M HCl for eight hours. The strong band at 3693.8cm -1 reveals the functional group of hydrogen atom bonded to oxygen atom (O-H stretching vibration). The strong bands at frequencies 2113.4cm -1 , and 1636.3cm -1 indicate the presence of C≡C, C=O and C=C stretching vibrations of alkynes, acid anhydride and alkene respectively. CH 2 bending is also spotted around 1461.1cm -1 . Figure 9 (a) shows the SEM image of the corrosion of mild steel in an uninhibited solution of 0.7M HCl. Corrosion was observed not to take place identically over the surface of the steel. However, the addition of the crushed fresh leaves of Sida Acuta at 30g per litre of 0.7M HCl clearly protected the surface of the steel from corrosion as shown in Figure 9 
FTIR analysis
SEM micrograph for the corrosion inhibition of mild steel in HCl solution by the crushed leaves of Sida Acuta
